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2FWREHU
7LUJX0XUHV5RPDQLD
$QDO\]LQJ3XEOLF7UDQVSRUWDWLRQIRU7KH(IIHFWVRI,QGLYLGXDO
&KDUDFWHULVWLFVRQ0RGH&KRLFHZLWK0XOWL$JHQW6LPXODWLRQ
/g]JH2UDOD9DKDS7HFLPE
R'HSWRI(FRQRPHWULFV*UDGXDWH6FKRRORI6RFLDO6FLHQFHV'RNX](\OXO8QLYHUVLW\%XFD,]PLU7XUNH\
E'HSRI0DQDJHPHQW,QIRUPDWLRQ6\VWHP)DFXOW\RI(FRQRPLFVDQG$GPLQLVWUDWLYH6FLHQFHV'RNX](\OXO8QLYHUVLW\%XFD,]PLU
7XUNH\
$EVWUDFW
7KH PRYHPHQWV RI PRGHV RI WUDQVSRUW LQ QHWZRUN FDQ EH DQDO\]HG ZLWK PLFURVLPXODWLRQ PHWKRG $V WKH GHYHORSPHQW RI
FRPSXWHUV WKHPLFURVLPXODWLRQPHWKRGV VXFK DVPXOWLDJHQW V\VWHPVEHFRPHPRUHSRSXODU LQ WUDQVSRUWDWLRQ DQDO\VLV ,Q WKLV
VWXG\ WKHSUREOHPRI LQGLYLGXDODQG WULSFKDUDFWHULVWLFVRQ WKHPRGHFKRLFHDUHHIIHFWLYHRUQRW LVVROYHG1HWZRUN IDFLOLWLHV
GDLO\WUDYHOSODQVDQGWUDQVSRUWYHKLFOHVZHUHDFFHSWHGDVDQDJHQW&RQVLGHULQJSDUDPHWHUVWKDWZLOOEHHIIHFWLYHLQPRGHFKRLFH
KRZWUDQVSRUWDWLRQURDGQHWZRUNLVGLVWULEXWHGVSDWLDOO\KRZWKHSHUVRQDODQGWULSFKDUDFWHULVWLFVRIWULSPDNHUVHIIHFWVRQPRGH
FKRLFH VSDWLDOO\ ZHUH DQDO\]HG LQ VWXG\ DUHD $V D UHVXOW RI WKLV VWXG\ SHUVRQQHO DQG WULS FKDUDFWHULVWLFV RI WULS PDNHUV DUH
DIIHFWHGRQGLIIHUHQWWUDQVSRUWDWLRQPRGH
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH³3HWUX0DLRU´8QLYHUVLW\RI7LUJX0XUHV)DFXOW\RI(QJLQHHULQJ
.H\ZRUGV7UDQVSRUWDWLRQPRGHFKRLFHPXOWLDJHQWVLPXODWLRQLQGLYLGXDOFKDUDFWHULVWLFVGHFLVLRQDQDO\VLV
,QWURGXFWLRQ
7KHGHPDQGRIPRYLQJZKLFKLVUHVXOWLQJIURPWKHGHVLUHRIVDWLVI\LQJQHHGVRISHRSOHOLYLQJLQFLWLHVFDXVHVWKH
QHFHVVLW\ RI EHQHILWLQJ IURP WUDQVSRUWDWLRQ V\VWHPV 7KLV JHQHUDWHV WKH QHHGV RI HIIHFWLYH LPSOHPHQWDWLRQ RI
WUDQVSRUWDWLRQ V\VWHPV ,Q RUGHU WR GR WKLV DYDLODEOH DOWHUQDWLYH WULSV QHHGV WR EH DQDO\]HG LQ GHWDLO 7KHUH DUH
GLIIHUHQW SURFHVVHV RI WUDQVSRUWDWLRQ PRGHOV JHQHUDWHG IRU WKLV SXUSRVH DQG FDQ EH JURXSHG LQWR IRXU VWDJHV DV

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JHQHUDWLQJ WULS GLVWULEXWLRQPRGH FKRLFH DQG DVVLJQPHQW0RGH FKRLFH LV WKH OHDVW FRQVLGHUHG VWHS DPRQJ WKHP
8UEDQ WUDQVSRUWDWLRQPRGHV DUH LQFOXGHG FDU ELNH SXEOLF WUDQVSRUWDWLRQ HWF 7KHUH DUH IDFWRUV SHUVRQDO DQG WULS
FKDUDFWHULVWLFVDIIHFWLQJPRGHFKRLFHRI LQGLYLGXDOV7KHVH IDFWRUVZHUH LGHQWLILHGZLWKXVLQJRQHRIGDWDPLQLQJ
PHWKRGVFDOOHG³GHFLVLRQWUHH´LQSUHYLRXVVWXGLHVE\DXWKRUV$QDO\VLVFDQEHSHUIRUPHGZLWKFROOHFWHGGDWDIURP
VWXG\ DUHD IRUPRGHOOLQJ XUEDQ WUDQVSRUWDWLRQ:KLOH LPSOHPHQWLQJ WKLV SURFHVV KRXVHKROG VXUYH\GDWD LQFOXGLQJ
SHUVRQDO DQG WULS FKDUDFWHULVWLFV RI WUDYHOHUV LQ VWXG\ DUHD ZDV XVHG &ROOHFWLQJ GDWD IURP DOO SRSXODWLRQ LQ
PHWURSROLWDQFLWLHVPLJKWEHGLIILFXOWDQGDOVRLWPD\EHLPSRVVLEOHWRFROOHFWIUHTXHQWO\
&RQVLGHULQJ SDUDPHWHUV WKDW ZLOO EH HIIHFWLYH LQ WKH SURFHVV RIPRGH FKRLFH LQ WUDQVSRUWDWLRQPRGHOOLQJ KRZ
WUDQVSRUWDWLRQ URDG QHWZRUN LV GLVWULEXWHG VSDWLDOO\ KRZ WKH SHUVRQDO FKRLFH RI WULSPDNHUV DIIHFWV WUDQVSRUWDWLRQ
PRGH FKRLFH VSDWLDOO\  ZHUH DQDO\]HG %\ WKLV ZD\ WKH LPSRUWDQFH RI HVWDEOLVKLQJ WUDQVSRUWDWLRQ QHWZRUN
FRQVLGHULQJZLWKSHUVRQDODQGWULSFKDUDFWHULVWLFVRISHRSOHE\GHFLVLRQPDNHUVLQFLWLHVLVZDVH[SRVHG
,Q WKLV SDSHU WKH SXUSRVH LV WR GHYHORS D PHWKRG LQ WKH SURFHVV RI PRGH FKRLFH ZKLFK LV D SDUW RI VWHSV LQ
WUDQVSRUWGHPDQGPRGHOOLQJZLWKUHIHUHQFHWRLQGLYLGXDOWUDYHOEHKDYLRUE\XVLQJPXOWLDJHQWVLPXODWLRQ)RUPLQJD
PHWKRGIRUGHFLVLRQPDNHUV WKHHIIHFWVRIGDLO\WUDYHOEHKDYLRUVRQPRGHVSOLW LV WREHUHOHDYHG)LUVWRIDOODIWHU
JLYLQJWKHRUHWLFDOEDFNJURXQGDERXWPDLQWRSLFWKHPRGHOFUHDWHGLVGHILQHG$WODVWWKHDSSOLFDWLRQLQZRUNVSDFH
VHOHFWHGLVGHPRQVWUDWHG
7KHRUHWLFDO%DFNJURXQG
)DFWRUVDIIHFWLQJWKHPRGHFKRLFH
7UDQVSRUWDWLRQ PRGHOOLQJ SURYLGHV ORFDO WUDQVSRUWDWLRQ VROXWLRQV IRU XUEDQ SODQQLQJ 7UDQVSRUWDWLRQ PRGHOV
VHSDUDWHG WR IRXU VWDJHV DV JHQHUDWLQJ WULS GLVWULEXWLRQ PRGH FKRLFH DQG DVVLJQPHQW 0RGH FKRLFH LV WKH OHDVW
FRQVLGHUHG VWHS DPRQJ WKHP 7KHUH DUH PDQ\ IDFWRUV DIIHFWLQJ WKH SURFHVV RI PRGH FKRLFH LQ WUDQVSRUWDWLRQ
PRGHOOLQJ>@ 7KHUHDUHPDQ\ IDFWRUVDIIHFWLQJ WKHPRGHFKRLFH9DULRXVPHWKRGVFDQEHXVHGGHWHUPLQLQJ WKH
IDFWRUV2QHRIWKHIDFWRUVLVGHFLVLRQWUHHVWKDWLVWKHRQHRIWKHVXEMHFWVRIGDWDPLQLQJWHFKQLTXHV:LWKWKHPHWKRG
RI ³GHFLVLRQ WUHHV´ ZKLFK LV RQH RI WKH FODVVLILFDWLRQ WHFKQLTXHV LQ GDWDPLQLQJ LV XVHG WR GHWHUPLQH WKH IDFWRUV
DIIHFWLQJ WUDQVSRUWDWLRQ PRGH :LWK WKH KHOS RI WKHVH IDFWRUV KRZ WKH LQGLYLGXDO WUDYHO EHKDYLRU LV WU\LQJ WR EH
UHYHDOHG%\WKHKHOSRIKRXVHKROGGDWDGDLO\WUDYHOEHKDYLRURILQGLYLGXDOVFDQEHGHWHUPLQHG0RGHVSOLWXVHGLQ
WUDYHOE\LQGLYLGXDOLVDULVHGZLWKUHIHUHQFHWRWKLVGDWD
0RGHFKRLFHPRGHOVDUHVHSDUDWHGDVDJJUHJDWHGDQGGLVDJJUHJDWHGPRGHOV)RUGHWHUPLQLQJPRGHFKRLFHZLWK
LQGLYLGXDOEHKDYLRUUHVHDUFKHUVWDNHLQWRDFFRXQWGLVDJJUHJDWHPRGHOV>@>@
0XOWL$JHQW6LPXODWLRQ
7UDIILFVLPXODWLRQPRGHOVDUHFDWHJRUL]HGDVPDFURVFRSLFPH]RVFRSLFPLFURVFRSLFDQGVXEPLFURVFRSLF>@,Q
PLFURVFRSLFVLPXODWLRQWKHUHLVDKLJKGHWDLOOHYHO$OOYHKLFOHVDQGRWKHUREMHFWVDUHHDVLO\VKRZQ0RYHPHQWVRI
YHKLFOHVLVH[DPLQHRQWKHURDGOLQH
0LFUR VLPXODWLRQ DOORZV WKH FRPELQDWLRQ RI GLVDJJUHJDWHGPRGHOV 'HYHORSLQJ SURWRW\SH RI JHRJUDSKLF PXOWL
DJHQW V\VWHPRI KLJKZD\ WUDIILF LQ UXVK KRXUV LV XVHG IRU LQFUHDVLQJ WKH HIIHFWLYHQHVV RI KLJKZD\V >@ ,Q WUDIILF
PLFURVLPXODWLRQDOOYHKLFOHVDUHLQFOXGHGLQPRGHOOLQJDQGJLYHQWKHFKDUDFWHULVWLFV
,Q >@ VWXG\ ,/80$66 3URMHFW  D  JURXS SURMHFW RI LQVWLWXWHV RI WKH XQLYHUVLWLHV RI $DFKHQ %DPEHUJ
'RUWPXQG &RORJQH DQG :XSSHUWDO XQGHU WKH FRRUGLQDWLRQ RI WKH 7UDQVSRUW 5HVHDUFK ,QVWLWXWH RI WKH *HUPDQ
$HURVSDFH&HQWUH '/5PLFURVLPXODWLRQPRGXOHVZLOO LQFOXGHPRGHOVRIGHPRJUDSKLFGHYHORSPHQWKRXVHKROG
IRUPDWLRQILUPOLIHF\FOHVUHVLGHQWLDODQGQRQUHVLGHQWLDOFRQVWUXFWLRQODERXUPRELOLW\RQWKHUHJLRQDOODERXUPDUNHW
DQGKRXVHKROGPRELOLW\RQWKHUHJLRQDOKRXVLQJPDUNHW,/80$66ZLOOZRUNFRPSOHWHO\PLFURVFRSLFLHODQGXVH
FKDQJHVDQGWUDIILFIORZVDUHVLPXODWHGE\PLFURVLPXODWLRQ7KHLQWHUDFWLRQVEHWZHHQWUDYHOGHPDQGFDURZQHUVKLS
DQGUHVLGHQWLDODQGILUPORFDWLRQDVZHOODVWKHLQWHUDFWLRQVEHWZHHQODQGXVHEXLOWIRUPDQGPRELOLW\EHKDYLRUDUH
VLPXODWHG)XUWKHUPRUHWKHHQYLURQPHQWDOLPSDFWVRIWUDQVSRUWVXFKDVWUDIILFQRLVHRUH[SRVXUHWRDLUSROOXWLRQDUH
LQFOXGHG

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$QDO\]LQJ WKHVHPRGHOV LW ZDV VWDWHG WKDW WKLV VWXG\ LV WKH OHYHO RIPLFURVFRSLF %HFDXVH WKHPRYHPHQWV RI
GLIIHUHQWPRGHVRIWUDQVSRUWLQURDGQHWZRUNFDQEHDQDO\]HGZLWKPLFURVLPXODWLRQPHWKRG7UDIILFVLPXODWLRQLVDQ
LPSRUWDQWWRROIRUFRQWURODQGPDQDJHPHQWRIXUEDQWUDIILFV\VWHPVDVWKHH[SHULPHQWVRQWKHUHDOWUDIILFV\VWHPVDUH
XVXDOO\YHU\FRVWO\$V WKHGHYHORSPHQWRIFRPSXWHUVWKHPLFURVLPXODWLRQPHWKRGVVXFKDVFDUIROORZLQJPRGHO
&HOOXODU $XWRPDWD DQG 0XOWL$JHQW 6\VWHPV 0$6 EHFRPH PRUH DQG PRUH SRSXODU LQ WUDIILF DQDO\VLV DQG
IRUHFDVWLQJ>@
$JHQWEDVHGVLPXODWLRQVHHPVWRIRUPWKHLGHDOPRGHOOLQJSDUDGLJPIRUDFWLYLW\VFKHGXOLQJPRGHOVDVLWVXSSRUWV
LQGLYLGXDOGHFLVLRQPDNLQJIOH[LEOHLQWHUDFWLRQEHWZHHQDJHQWVDQGWKHLUHQYLURQPHQWDQGPXOWLOHYHOPRGHOOLQJDQG
VLPXODWLRQ>@
7KHUHLVQRFRPPRQDFFHSWHGGHILQLWLRQIRUDJHQWVEXWLWDOVRKDYHFRPPRQSURSHUWLHV7KHVHSURSHUWLHVDVOLVWHG
DVEHORZ>@>@>@>@>@
x $QDJHQWLVDQDXWRQRPRXVHQWLW\LHLWDFWVRQO\RQLWVVHOIGHFLVLRQV
x $QDJHQWLVVLWXDWHGLQDQHQYLURQPHQW,WSHUFHLYHVWKHHQYLURQPHQWDQGSHUIRUPVDFWLRQDFFRUGLQJWRLWVJRDO
DQGSHUFHSWLRQ
x $QDJHQWSOD\VRQHRUVHYHUDOUROHVLQVLGHWKHV\VWHPLQRUGHUWRUHDFKLWVREMHFWLYHV
x &OHDUO\LGHQWLILDEOHSUREOHPVROYLQJHQWLWLHVZLWKZHOOGHILQHGERXQGDULHVDQGLQWHUIDFHV
x 'HVLJQHGWRIXOILOODVSHFLILFSXUSRVH²WKH\KDYHSDUWLFXODUREMHFWLYHVJRDOVWRDFKLHYH
x &DSDEOHRIH[KLELWLQJIOH[LEOHSUREOHPVROYLQJEHKDYLRULQSXUVXLWRIWKHLUGHVLJQREMHFWLYHV
x $JHQWVZLOOQHHGWRLQWHUDFWZLWKRQHDQRWKHUDJHQWVKXPDQVHLWKHUWRDFKLHYHWKHLULQGLYLGXDOREMHFWLYHVRUWR
PDQDJHWKHGHSHQGHQFLHVWKDWHQVXHIURPEHLQJVLWXDWHGLQDFRPPRQHQYLURQPHQW
x 7KH\VKDUHDQHQYLURQPHQWWKURXJKDJHQWFRPPXQLFDWLRQDQGLQWHUDFWLRQ
x 5HDFWLYLW\DQDJHQWQHHGWRKDYHWKHDELOLW\WRSHUFHLYHWKHLUHQYLURQPHQWDQGUHVSRQGWRLW
x ,IWKHHQYLURQPHQWLVFKDQJHGWKHDQDJHQWFDQQRWORQJHUH[LVWVDQG
x $OODJHQWVKDYHWKHPRVWXSWRGDWHDQGWKHPRVWDFFXUDWHGDWDZLWKFRRUGLQDWLRQDQGLQWHUDFWLRQ
7KH PRVW LPSRUWDQW SRLQW IRU PXOWLDJHQW VLPXODWLRQ LV WKH LVVXH RI GDWD JURXQGLQJ DQG YDOLGLW\ 6RFLR
GHPRJUDSKLFGDWDLVXVHGIRUJHQHUDWLQJWKHV\QWKHWLFSRSXODWLRQ1RWRQO\WKHFRQILJXUDWLRQRIDJHQWVKRXVHKROGV
DQGIDFLOLWLHVKDVWREHUHDOLVWLFDOO\VHWEXWDOVRWKHGHFLVLRQPDNLQJSURFHVVHVDUHLQQHHGRIHPSLULFDOIRXQGDWLRQ
>@
$PXOWLDJHQWVLPXODWLRQRIWKHJHQHUDWLRQRILQGLYLGXDODFWLYLW\SURJUDPVZDVGHYHORSHGEDVHGRQWKHLGHDVRID
VLPXODWLRQRI WKH VFKHGXOLQJSURFHVVHV >@$JHQWVDUHFRQFHLYHG LQ WHUPVRIZKLFKJRDOVVKRXOGEHIROORZHGDW
ZKDWWLPHDQGE\ZKRP6HFRQGO\DVDJHQWVDUHIOH[LEOHSUREOHPVROYHUVRSHUDWLQJLQDQHQYLURQPHQWRYHUZKLFK
WKH\KDYHRQO\SDUWLDOFRQWURODQGREVHUYDELOLW\LQWHUDFWLRQVQHHGWREHKDQGOHGLQDVLPLODUO\IOH[LEOHPDQQHU>@
0XOWL$JHQW6LPXODWLRQLQ0RGH&KRLFH6WXGLHV
0XOWLDJHQW VLPXODWLRQFRQFHQWUDWHVRQ OHDUQLQJFRRUGLQDWLRQRI URXWHDQGPRGHFKRLFH7KHPDLQFRPSRQHQWV
DUH LQGLYLGXDOV DQG YHKLFOHV >@7KH FRUH DGYDQWDJH RI DJHQWEDVHGPLFURVFRSLF WUDIILF VLPXODWLRQ LV WR EHPRUH
UHDOLVWLF:LWK DJHQWV WKDW WKH IDFWRUV DIIHFWLQJ PRGH FKRLFH EULQJV FDSDELOLW\ RI DQDO\]LQJ PRYHPHQWV LQ URDG
QHWZRUN LQSXEOLF WUDQVSRUWDWLRQ LVFRQVLGHUHG%\WKLVZD\ZLWKGHVFULELQJ WKHDJHQWV WKHSUREOHPRI LQGLYLGXDO
DQGWULSFKDUDFWHULVWLFVRIGHFLVLRQPDNHUVRQWKHPRGHFKRLFHDUHHIIHFWLYHRUQRWLVVROYHG
0DLQDGYDQWDJHRIDJHQWEDVHGPLFURVFRSLFWUDIILFVLPXODWLRQLVPRUHUHDOLVWLF>@0XOWL$JHQWVLPXODWLRQLVDOVR
XVHGIRUVLPXODWLRQRIODQGXVHRUODQGFRYHUFKDQJH>@
:KHQWUDQVSRUWRULHQWHGVWXGLHVDERXWPXOWLDJHQWVLPXODWLRQZHUHDQDO\]HGPRYHPHQWRIRQO\RQHPRGHRQWKH
URDGZDVUHVHDUFKHG,QWKLVVWXG\KDYLQJPRUHWKDQRQHPRGHZDVVLPXODWHGLVDGYDQWDJHRXV1HWZRUNPRGHOVWKDW
XVHG LQ WUDIILFVLPXODWLRQ LQFOXGHVURDGQHWZRUNQRGHVLQWHUVHFWLRQSRLQWVDQG OLQHV IRUHDFKVHJPHQW%HVLGHV
WKHVHODQHVDYHUDJHYHKLFOHFDSDFLW\DQG6WUHHWQDPHVZRXOGEHLQQHWZRUN>@
7KHUH DUH VHYHUDO PXOWLDJHQW VLPXODWLRQ VRIWZDUH ZKLFK DUH RSHQ VRXUFH DQG VXSSRUWHG ZLWK JHRJUDSKLFDO
LQIRUPDWLRQ V\VWHPV 6RPH RI WKHP DUH $JHQW $QDO\VLV 0$621 1HW/RJR 5HSDVW 6\PSKRQ\ 0$76LP
6WDU/RJR6:$508UEDQ6,0,QWKLVSDSHU0$76LPVLPXODWLRQWRRONLWLVXVHGIRU0$6
0$76LPLVDQDJHQWEDVHGWUDQVSRUWGHPDQGPRGHOLQJIUDPHZRUNWKDWRSHUDWHVRQWKHEDVLVRILQGLYLGXDODJHQW
SODQV D SODQ EHLQJ D VFKHGXOH RI DFWLYLWLHV WKHLU ORFDWLRQV DQG WKH WUDYHO OHJV FRQQHFWLQJ WKHP >@ 0$76LP
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SURYLGHV IUDPHZRUN WR LPSOHPHQW ODUJHVFDOHDJHQWEDVHG WUDQVSRUW VLPXODWLRQ0$76LP LVFDSDEOHRI VLPXODWLQJ
SULYDWHFDUWUDIILFDQGSXEOLFWUDQVSRUWLQODUJHGHWDLODQGVXSSRUWDGGLWLRQDOPRGHV6LPXODWLRQVFRYHURQHIXOOGD\
WKH PRELOLW\ EHKDYLRU RI D ODUJH QXPEHU RI VLQJOH SHUVRQV ³DJHQWV´ LV VLPXODWHG VLPXOWDQHRXVO\  ,W LV DEOH WR
VLPXODWHVFHQDULRVZLWKVHYHUDOPLOOLRQVDJHQWVRQQHWZRUNZLWKWKRXVDQGVRIURDGVHJPHQWV0$76LPDOORZVIRU
HDV\UHSODFHPHQWRUDGGLWLRQRIIXQFWLRQDOLW\8VHUVDUHDGGWKHLURZQDOJRULWKPVIRUDJHQWEHKDYLRU>@
-DYD EDVHG0$76,07 VRIWZDUH XVHG WRPRGHO WKH LQLWLDO LQGLYLGXDO GHPDQG LV DEOH WR FRPELQH YDULRXV GDWD
VRXUFHVYLDVWDQGDUGL]HG;0/IRUPDWVLQRUGHUWRJHQHUDWHGDLO\DFWLYLW\SODQV7KHVHGDWDDUHQHWZRUNFRXQWGDWD
DFWLYLW\IDFLOLWLHVDQGSXEOLFWUDQVSRUW
$Q LQLWLDO GHPDQG RI D IXOO GD\ SODQ RI DFWLYLWLHV IRU HDFK DJHQW LV JHQHUDWHG DQG H[HFXWHG LQ D PRELOLW\
VLPXODWLRQ3ODQVDUHVFRUHGDIWHUWKHVLPXODWLRQVWHSDQGEDVHGRQWKHVFRUHDJHQWVDGDSWWKHLUSODQVLQUHVSRQVHWR
FRQGLWLRQV WKDWDURVHGXULQJ WKH VLPXODWLRQ(DFKDJHQW
V VHWRI IHDVLEOHSODQV LPSURYHVZLWK LQFUHDVLQJ LWHUDWLRQV
)HDVLEOHQHZSODQVFDQEHGHULYHGIURPH[LVWLQJRQHVE\FKDQJLQJDFWLYLW\WLPLQJVORFDWLRQVUHURXWLQJWUDYHOOHJV
EHWZHHQDFWLYLWLHVFKDQJLQJWUDQVSRUWPRGHVFRQQHFWLQJDFWLYLWLHVRUGURSSLQJDFWLYLWLHVIURPWKHDFWLYLW\VFKHGXOH
DOWRJHWKHU>@
7UDYHO GHPDQG GDWD LV VLPXODWHG DQG RSWLPL]HG RQ D JLYHQ WUDQVSRUW QHWZRUN LQ W\SLFDO0$76,0 VLPXODWLRQ
6LPXODWLRQDQGRSWLPL]DWLRQSURFHVVKDYHVWDJHVDVVKRZQLQ)LJXUH,QLWLDO'HPDQGVWDJHFRQWDLQHGWKHIXOOOLVW
RIDJHQWVDQGHDFKRIWKHPKDVDWOHDVWRQHGD\SODQ([HFXWLRQVWDJHFDOOHGDVPRELOLW\VLPXODWLRQZKLFKPHDQVWKH
DJHQWV DQG WKHLU YHKLFOHV DUH PRYHG DURXQG LQ WKH QHWZRUN $IWHU WKH H[HFXWLRQ ILQLVKHG WKH DJHQWV SODQV DUH
HYDOXDWHGEDVHGRQ WKHLU H[SHULHQFHG LQ VFRULQJ VWDJH$JHQWVPD\PRGLI\ WKHLU SODQV IRU QRW JHWWLQJEDG VFRUHV
7KHVHPRGLILFDWLRQVDUHLQVXFKDVDFWLYLW\WLPHVVWDWLQJWLPHVDQGFKDQJLQJRIPRGHRUWULS,QDQDO\VLVVWDJHDWWKH
HQGRIWKHVLPXODWLRQRQHLVRIWHQLQWHUHVWHGLQVRPHNH\SHUIRUPDQFHYDOXHVRIWKHVLPXODWLRQ0$76LPSHUIRUPV
PXOWLSOH LWHUDWLRQVZLWKLQRQH VLPXODWLRQ UXQ FRQVLVWLQJRIPXOWLSOHPRELOLW\ VLPXODWLRQ VFRULQJ DQGSUHSODQQLQJ
H[HFXWLRQVXQWLOWKHHQGUHVXOWLVDYDLODEOH>@

)LJ6WDJHVRI0$6LQ0$76LP
$QDJHQWFDQKROGDVHWRIDFWLYLW\SODQVLQLWV³PHPRU\´DQGFKRRVHVRQHRIWKHPIRUWKHWUDIILFVLPXODWLRQ7KH
DJHQWZLOO WKXVQRW LPPHGLDWHO\³IRUJHW´ WKHDFWLYLW\SODQ LW H[HFXWHG WKH LWHUDWLRQEHIRUHEXWPD\XVH LW DJDLQ LQ
ODWHULWHUDWLRQV7KHHYDOXDWLRQRIWKHSODQPD\FKDQJHIURPLWHUDWLRQWRLWHUDWLRQGHSHQGLQJRQWKHUHVSHFWLYHWUDIILF
FRQGLWLRQV>@
0$76LP LV XVHG IRU VLPXODWLRQ IRU GLIIHUHQW SXUSRVH LQ WKLV VWXG\ DUHD  7KH DLP RI XVLQJ WZR VLPXODWLRQ
VRIWZDUH¶V LV WR EH DEOH WR FRPSDUH HYDFXDWLRQ WLPH HVWLPDWHV DQG WR REWDLQ UHOLDEOH UHVXOWV IURP HYDFXDWLRQ
VLPXODWLRQVZKLFKDUHFUXFLDO DQGFULWLFDO LQFUHDWLQJHPHUJHQF\SODQV(YDFXDWLRQ VLPXODWLRQVDUHFDUULHGRXW IRU
$OLDJDWKHLQGXVWULDO]RQHRI,]PLU7XUNH\$QGLQWKHRWKHUVWXG\0$76ø0ZHEVLWHDVLPXODWLRQIRUH[LVWLQJ
XUEDQWUDQVSRUWDWLRQDQGWKUHHVLPXODWLRQVIRUJXOIFURVVLQJVFHQDULRVIRU,]PLU7XUNH\DUHPDGHXVLQJ0$76LP
IRU GHWHUPLQH  WKH HIIHFWV RI GLIIHUHQW VFHQDULRV WR H[LVWLQJ WUDIILF %XW QRQH RI WKHVH VWXGLHV XVHG0$76LP IRU
VLPXODWHLQGLYLGXDOEHKDYLRUVHIIHFWVRQPRGHFKRLFH
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5HVHDUFK0HWKRGRORJ\
7KHUHDUHPDQ\IDFWRUVDIIHFWLQJWKHSURFHVVRIPRGHFKRLFHLQWUDQVSRUWDWLRQPRGHOOLQJ>@7KHVHIDFWRUVZHUH
HYDOXDWHG IRU RQH RI WKH GLVWULFWV LQ VWXG\ DUHD FDOOHG%XFD ,]PLUZKLFK LV WKH WKLUG ELJJHVW FLW\ LQ7XUNH\ZLWK
DSSUR[LPDWHO\PLOOLRQLQKDELWDQWV>@,Q%XFDWKDWWULSWLPHSXUSRVHRIWULSQXPEHURISHRSOHGULYHUOLFHQVH
DQGQXPEHURIYHKLFOHKRXVHW\SHKRXVHRZQHUVKLSDJHJURXSVZRUNLQJVWDWXVDQGSXEOLFWUDQVSRUWFDUGRZQHUVKLS
ZHUHREWDLQHG&RQVLGHULQJZLWKWKRVHIDFWRUVGHWHUPLQHGLQPRGHFKRLFHQRWRQO\RQHNLQGRIPRGHRIWUDQVSRUW
EXWDOVRPRYHPHQWRIGLIIHUHQWNLQGVRIPRGHVRQURDGQHWZRUNVXFKDVFDUSXEOLFWUDQVSRUWDWLRQELNHZDONHWF
ZDVLPSOHPHQWHGE\WKHPHWKRGRIVLPXODWLRQ


)LJ6WXG\$UHD%XFD,]PLU
&RQVLGHULQJ SDUDPHWHUV IURP KRXVHKROG VXUYH\ GDWD WKH WHFKQLTXH RI PXOWLDJHQW VLPXODWLRQ ZDV XVHG 5RDG
QHWZRUNIDFLOLWLHVWLPHWDEOHVEHORQJLQJWRSXEOLFWUDQVSRUWYHKLFOHVGDLO\WUDYHOSODQVRIIL[HGQXPEHURISRSXODWLRQ
DQGWUDQVSRUWYHKLFOHVXVHGZHUHDFFHSWHGDVDJHQWV,QSXWILOHVFRQVLGHUHGIRUVLPXODWLRQDUHQHWZRUNOLQNVQRGHV
DQGFRRUGLQDWHVFDSDFLW\SODQVSHUVRQQHODQGWULSFKDUDFWHULVWLFVDQGFRQILJILOHIRUGHWHUPLQDWLRQRIVLPXODWLRQ
VFHQDULR$IWHUDOOWKHDJHQWVZHUHGHVFULEHGDVLQSXWWKHSURFHVVRIGHVFULSWLRQRIKRZVLPXODWLRQEHKDYLRUZLOOEH
EDVHGRQPRGHFKRLFHZDVLGHQWLILHG,QWKLVZD\WKHLQWHUDFWLRQDPRQJDJHQWVZDVWDNHQLQWRFRQVLGHUDWLRQ,QWKH
RXWSXW ZLWK VHOHFWLQJ WKH KRXVHKROG¶V ORFDWLRQ GDWD DV EDVHOLQH VSDWLDOO\ VFHQDULRV ZHUH UHYHDOHG :KHQ
LPSOHPHQWLQJ WKHVH SURFHVVHV PXOWLDJHQW VLPXODWLRQ VRIWZDUH 0$76,0 ZKLFK LV *,6EDVHG RSHQVRXUFH
SODWIRUPLQGHSHQGHQWDQGVXIILFLHQWGRFXPHQWDWLRQZHUHDQDO\]HG
7DEOH,QSXW[POILOHW\SHV
)LOH1DPH SURSHUWLHV
QHWZRUN[PO OLQNVQRGHVFRRUGLQDWHVFDSDFLW\
SODQVSRSXODWLRQ[PO WKDWWULSWLPHSXUSRVHRIWULSQXPEHURISHRSOHGULYHUOLFHQVHDQGQXPEHURI
YHKLFOHKRXVHW\SHKRXVHRZQHUVKLSDJHJURXSVZRUNLQJVWDWXVDQGSXEOLF
WUDQVSRUWFDUGRZQHUVKLS
IDFLOLWLHV[PO )DFLOLWLHVZKLFKDUHUHODWHGZLWKSODQVFRRUGLQDWHVDFWLYLW\W\SHVVWDUWDQGHQG
WLPHRIDFWLYLWLHV
FRQILJ[PO %HKDYLRURIVLPXODWLRQLVGHILQHG0RGHFKRLFHPRGHOLVGHILQHG
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
)RUVLPXODWLQJLQGLYLGXDOSXEOLFLQ0$76LPQHWZRUNSODQVSRSXODWLRQIDFLOLWLHVSXEOLFWUDQVSRUWYHKLFOHVDQG
WKHLU VFKHGXOHV DQG VRPH VSHFLILF VHWWLQJV LQ WKH FRQILJXUDWLRQ DUH FUHDWHG 3ODQVSRSXODWLRQ ILOH LV FUHDWHG IURP
KRXVHKROG VXUYH\ GDWD $OO SDUDPHWHU IURP KRXVHKROG VXUYH\ GDWD GLGQ¶W XVH LQ SODQ ILOH 2QO\ WKH IDFWRUV WKDW
DIIHFWLQJPRGHFKRLFHIURPVWXG\RI>@DUHFRQVLGHUHG1HWZRUNILOHLVVKRZQLQ)LJXUH)RUQHWZRUNILOHURDG
QHWZRUNRI,]PLULVGRZQORDGHGIURP2SHQ6WUHHW0DSDVRVPILOH7KHQLWLVWUDQVIRUPHGWR[POILOHLQ0$76LP


)LJ1HWZRUNILOH
0RGH&KRLFHPRGHOLVGHILQHGLQFRQILJILOH+HQFHWKHUHLV ORWVRIDOWHUQDWLYHPRGHH[LVW LQGDWDPXOWLQRPLDO
ORJLWPRGHOLVXVHGIRUPRGHFKRLFH6WUXFWXUHRIPXOWLQRPLDOORJLWPRGHOLQ0$76LPLVGHILQHGLQVWUDWHJ\PRGXOH
DV6HOHFW([S%HWD7KHVFRUHVDUHWDNHQDVXWLOLWLHVDQGWKHEHWD%UDLQSDUDPHWHUIURPFRQILJILOHLVWDNHQDVWKHVFDOH
SDUDPHWHU>@(TXDWLRQLV
݌݅ ൌ
݁ݔ݌ሺߚܾݎܽ݅݊כܵ݅ሻ
σ ݁ݔ݌ሺߚܾݎܽ݅݊כ݆ܵሻ݆
  
ZKHUHSLLVWKHSUREDELOLW\RILPRGH6LLVVFRUHIRULPRGHDQG6MLVVFRUHIRURWKHUMPRGH6WUXFWXUHRIVLPXODWLRQ
LVVKRZQLQ)LJXUH

)LJ6WUXFWXUHRI6LPXODWLRQ
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$W WKHHQGRI VLPXODWLRQGLVWULEXWLRQRI WKHSHUVRQDOFKRLFHRI WULSPDNHUVDIIHFWV WUDQVSRUWDWLRQPRGHFKRLFH
VSDWLDOO\EDVHGRQLQGLYLGXDOEHKDYLRUVLVGHPRQVWUDWHGE\WKHKHOSRIYLVXDOL]DWLRQVRIWZDUH6HQR]RQ

)LJ6FUHHQVKRWRIVLPXODWLRQZLQGRZ
5HVXOWVDQG&RQFOXVLRQ
&RQVLGHULQJ SDUDPHWHUV WKDW ZLOO EH HIIHFWLYH LQ WKH SURFHVV RIPRGH FKRLFH LQ WUDQVSRUWDWLRQPRGHOOLQJ KRZ
WUDQVSRUWDWLRQURDGQHWZRUNLVGLVWULEXWHGVSDWLDOO\KRZWKHSHUVRQDODQGWULSFKDUDFWHULVWLFVRIWULSPDNHUVHIIHFWVRQ
PRGH FKRLFH VSDWLDOO\ ZHUH DQDO\]HG 7KLV VWXG\ GHPRQVWUDWHG WKH HIIHFWV RQ PRGH FKRLFH ZLWK PXOWLDJHQW
VLPXODWLRQIRUGHFLVLRQPDNHUVDFFRUGLQJWRLQGLYLGXDOEHKDYLRXUVDQGWULSPRYHPHQWV$VDUHVXOWPRGHFKRLFHLQ
VSHFLILFURXWHVLVJRLQJWREHHIIHFWLYHLQGLUHFWLRQRIWUDQVSRUWLQYHVWPHQW,QIXUWKHUVWXGLHVDVDUHVXOWRILWHUDWLRQ
RIVFHQDULRFDQEHLQFUHDVHGDOWHUQDWLYHPRGHVXJJHVWLRQZLOOEHGHPRQVWUDWHG(YHU\LWHUDWLRQKDVGHULYHGDVFRUH
SRLQW7KHVHVFRUHSRLQWVDUHVKRZHGWKHXWLOLW\RILWHUDWLRQVDQGPRGH%\WKHDYHUDJHVFRUHRIH[HFXWHGSODQVDUH
LQFUHDVHGRSWLPDOPRGHVZLOOEHFKRVHQIURPGHFLVLRQPDNHUV
:KLOHPDNLQJGHFLVLRQVDERXWGHYHORSPHQWVRI XUEDQ WUDQVSRUWDWLRQGHFLVLRQPDNHUV LQ ORFDODXWKRULW\ VKRXOG
FRQVLGHU SHUVRQDO FKDUDFWHULVWLFV RI SHRSOH OLYLQJ LQ FLWLHV DQG JHQHUDWH URDGQHWZRUNV VDWLVI\LQJ WKH GHPDQG RI
LQGLYLGXDOV SURSHUO\ :KLOH GRLQJ WKLV PHWKRGV WKDW HQDEOH WUDQVIRUPDWLRQ RI GDWD DYDLODEOH LQ ORFDO DXWKRULW\
LQWHUDFWLRQZLWKRWKHUVVKRXOGEHXWLOL]HG'DWDXQGHUWDNHQZLWKWKLVPHWKRGRORJ\VKRXOGEHDQH[DPSOHIRUXUEDQ
WUDQVSRUWVWXGLHVEHORQJLQJWRGLIIHUHQWFLWLHVDQGSURYLGHJHQHUDWLRQRIVXVWDLQDEOHXUEDQWUDQVSRUWDWLRQQHWZRUN
5HIHUHQFHV
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